The production in the rumen of large amounts of acetic acid, propionic acid and butyric acid, which are absorbed into the portal system, is well established. Propionate and butyrate are largely removed by the liver under normal feeding conditions, but substantial quantities of acetate appear in peripheral blood . The possible glucogenicity of acetate and butyrate in ruminants was studied previously with liver slices (Leng & Annison, 1963) , when no evidence was obtained of net synthesis of carbohydrate from these substrates. These results have been confirmed in the present studies with intact animals. Solutions of[14C]acetate, [14C] propionate or [14C] butyrate were infused into the portal vein of anaesthetized sheep, and the incorporation of 14C into blood glucose, lactate and ketone bodies, and into liver and muscle glycogen, was examined. Some acetate production from propionate and butyrate was demonstrated.
MATERIALS AND METHODS Experimental animal8. Merino wethers (2-3 years of age) were housed indoors and fed once daily (early morning) on a standard ration of 800 g. of lucerne chaff. Animals were not fed on the day of an experiment.
Experimental procedure. Polyethylene catheters were inserted into both jugular veins on the day before an experiment. Solutions of the sodium salts of [14C] [3-14C] butyrate, unlabelled substrate was infused at a rate of 5 m-moles/min./kg. Blood samples were withdrawn from the right jugular vein 60 min. after the -start of the infusion. At the end of the infusion samples of liver and muscle were removed as quickly as possible for assay of glycogen.
14C-labelled fatty acids. The 14C-labelled and unlabelled fatty acids used in the present studies were as described by Leng & Annison (1963) .
Organism. A culture of Leuconostoc mesenteroides (strain 39) was obtained from the Department of Bacteriology, Indiana University, Bloomington, Ind., U.S.A.
Chemical methods. The methods used for the measurement of plasma glucose concentration and specific radioactivity were as described by . Glucose was isolated from blood as described by Annison & White (1962a) , and the distribution of 14C determined by stepwise degradation with L. mesenreroides (Leng & Annison, 1963) . The measurement of blood ketone bodies, the isolation of ,B-hydroxybutyrate by column chromatography and its stepwise degradation were as described by Leng & Annison (1963) . Formic acid was measured by gas chromatography, and assayed for radioactivity as described by Annison & White (1962a) . Acetic acid, propionic acid and butyric acid were isolated from blood by gas-liquid chromatography and their specific radioactivities determined by the methods described by . Acetic acid was degraded by a modification of the method of Phares (1951) as used in the degradation of glucose (Leng & Annison, 1963) . Lactic acid concentrations and specific radioactivities were determined as described by Annison, Lindsay & White (1963) , the acid being isolated from blood as the zinc salt, and on some occasions purified by column chromatography (Leng & Annison, 1963) . The distribution of 14C in lactic acid was determined as described by Leng & Annison (1963) . (Mourkides, Hobbs & Koeppe, 1959; Shull & Miller, 1960) . However, the high specific radioactivity of blood p-hydroxybutyrate, and the relatively little 14C at C-2 and C-5 of glucose isolated after the infusion of [3-14C] Black, Kleiber & Brown (1961) , in studies with the lactating cow.
RESULTS

Incorporation
The incorporation of 14C from [1-14C]-or [2-14C]-propionate into glucose was consistent with the conversion of propionate into a symmetrical C4 compound before conversion into phosphoenolpyruvate, and was in agreement with the established pathway, namely propionate -+ methylmalonate -+ succinate -+ phosphoenolpyruvate glucose. The equal distribution of 14C between C-2 and C-3 of lactate arising from [2-14C] propionate was evidence against metabolic pathways involving the direct conversion of propionate into lactate (or pyruvate), e.g. propionate -+ acrylate -+ lactate -÷ pyruvate (Mahler & Huennekens, 1953 (Krebs, 1961) , but the labelling patterns in ,-hydroxybutyrate produced from [14C]butyrate indicated the conversion of butyrate into ,B-hydroxybutyrate largely as a 04 unit, emphasizing the special role of butyrate in ketone body metabolism in ruminants. The low contribution of acetate to ,B-hydroxybutyrate production probably reflects low utilization of acetate by liver tissues, a major site of ketone body production.
The isolation of lactate of slightly higher specific radioactivity than that of glucose after the infusion of [2-14C] -butnotof[1-14C]-or of[3-14C]-butyrate was unexpected, and inconsistentwiththe evidence from glucose and lactate labelling patterns that butyrate was metabolized as two C2 units. The possible contamination of lactate with ,-hydroxybutyrate cannot be excluded, although control experiments showed that inactive zinc lactate could be recovered from blood (10 ml.) containing added lithium lactate (50 mg.) and ,B-hydroxybutyrate (lO0mg., lO0 jumc).
The infusion of [2-_4C] acetate or [2-14C] butyrate resulted in appreciable labelling of C-3 and C-4 of glucose. In experiments in which these 14C_ labelled fatty acids were incubated with liver slices (Leng & Annison, 1963 ) much less 14C was found in C-3 and C-4 of glucose. Propionate metabolism was shown by Leng & Annison (1963) to lead to increased fixation of 002 arising from butyrate oxidation. Therefore, the increased labelling of C-3 and C-4 of glucose in the experiments with the whole animal may reflect greater availability of propionate.
The relatively low specific radioactivity of formate produced from [14C]acetate, [14C]propionate and [14C]butyrate suggested that these short-chain fatty acids are not major precursors of formate.
The concentration of acetate in blood was markedly depressed by the infusion of propionate (Table 1) . Concentrations in starved sheep with rumen contents removed are rarely lower than 0 3,umole/ml. (Annison & White, 1962b) , and the present results suggest that propionate either inhibits endogenous acetate production or increases rates of removal of acetate from blood. The results of the present studies suggest that, in spite of the dependence of ruminants on large amounts of short-chain fatty acids produced by fermentation in the rumen, the metabolic pathways involved in their utilization are similar to those known to occur in non-ruminants (cf. Lifson, Lorber, Sakami & Wood, 1948 [2-_4C] acetate, [1-14C] propionate, [2-114C] propionate, [1-14C]-butyrate, [2-14C] butyrate or [3-L4C]butyrate were made into anaesthetized sheep.
2. The specific radioactivity of liver and muscle glycogen was low after all infusions. The highest value was less than 0-2% of the specific radioactivity of the fatty acid infused ([2-14C]propionate).
3. The specific radioactivity of plasma glucose was 2-5 % that of the fatty acid infused after the infusion of acetate or butyrate, but 30 % after the infusion of [2-14C] propionate. 4. The specific radioactivity of blood lactate was less than that of blood glucose except after the infusion of [2-14C] [3-14C] butyrate gave rise to labelling mainly in C-3 and C-4 of glucose and C-1 of lactate. The infusion of [2-14C] acetate, [2-14C] propionate or [2-_4C] butyrate labelled mainly C-1, C-2, C-5 and C-6 of glucose, and C-2 and C-3 of lactate.
6. The specific radioactivity of blood f- Growth andfractionation of cells. Bacillus megaterium was grown, harvested in logarithmic-growth phase and converted into protoplasts as described by Butler & Godson (1963) . The fractionations were also done as described by Butler & Godson (1963) , with the following modifications: lysis by Lubrol was carried out in a medium consisting of 0 1M-tris-HCl buffer, pH 7 6, containing sucrose (0-3M) and MgCl2 (5 mm), and in the presence of 0 03% of Lubrol W; nuclear material was sedimented by centrifuging at 100 000 g for 1 hr. As prepared in this way, nuclear material contained ribosomes (see Butler & Godson, 1963) , which could be removed by centrifuging at 100 000 g for 2 hr.
Purification of ribonucleic acid polymerase. The method of Chamberlin & Berg (1962) was used: portions (10 ml.) of nuclear material containing 50 mg. of protein were made 01 mm with respect to EDTA and 10 mm with respect to 2-mercaptoethanol. Deoxyribonuclease (10l,ug.) was added and the material digested at 370 for 30 min. A portion (0 5 ml.) of a 10% (w/v) solution of streptomycin sulphate was added with stirring and the solution set aside for 15 min. The solution was centrifuged at 30 000 g for 15 min. and 1 ml. of a 1% (w/v) solution of protamine sulphate was added to the supernatant. The precipitate was collected by centrifuging at 30 OOOg for 15 min. and washed with buffer solution A [5 mM-tris-HCl, pH 7-6, containing MgCl2 (10 mM) and 2-mercaptoethanol (10 mM)]. The precipitate was then extracted with 1 ml. of 0 1 Mammonium sulphate in buffer A and the residue removed by centrifuging at 30 000 g for 15 min. The supernatant was removed and stored at -250. Storage for 3 days resulted in a 30% loss of RNA-polymerase activity.
Preparation of [3H]uridine triphosphate. Spleen (0 5 g.) obtained from Aki mice bearing a virus-induced leukaemia (Bianchi, Butler, Crathorn & Shooter, 1961) was homogenized in 1 ml. of a medium consisting of 10 mM-tris-HCl buffer, pH 8, containing sucrose (0-23M) and KC1 (5 mM), and centrifuged at 100 000 g for 1 hr. (1963) .
